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ABSTRACT

We have developed a collection of Al tools that can estimate the degree of group
cohesion by measuring the quality of interaction between group members. To
compute this assessment, we identify a series of sociolinguistic behaviors, both
individual and collective, that obtain within the group as reflected in the members’
utterances. Individual behaviors impacting group cohesion include agenda control,
involvement, agreement and disagreement; relevant collective behaviors include
the balance of agreement-disagreement, sociability, and task focus. Estimating
distribution and degree of these behaviors are required to assess the character
of members’ relations and the consistency of group’s objective. In this paper
we focus on collective behaviors, and how they can be automatically computed
from group interactions. Implementation of individual behaviors can be found in
(Broadwell et al., 2013). In this paper we discuss a design of an Al system that can
determine cohesiveness of a group engaged in task-oriented discussion.
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INTRODUCTION

We define group cohesion as a general consistency in group objectives or
values over time that encompasses an overall persistence in the cooperative
nature of the members’ interactions. This characterization applies primarily
to task-oriented teams, although it may also be used more broadly to purpose-
driven groups. One measure of group cohesion is a degree of task focus
among the group members. It is a collective behavior that can be measured
by the degree to which the discussion is focused on a shared objective, as
well as by the efficiency with which the group works towards this objective.
The efficiency of this progress is evidenced by the degree to which the
discourse stays on topic with few off-topic digressions. Another measure
of group cohesion is persistence of roles (Bales, 1950; 2001), which tracks
whether certain key social functions in the group, such as leadership, persist
throughout the discourse, though not necessarily filled continuously by the
same individuals. A cohesive group is also characterized by a high degree
of sociability. This includes adherence to general conversational principles,
which are in turn reflected by certain sequences of dialogue acts, i.e.,
question-answer, offer-response, as well as sequences of expressions classified
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as conversational norms, including greetings, thanks and apologies. Groups
with higher values of the sociability behavior are considered more cohesive.

In Broadwell et al. (2013) we introduced a methodology for automatically
identifying and quantifying certain types of sociolinguistic behaviors in group
interactions based solely on the recording of conversations among the group
members. Our method applies equally to transcripts of spoken conversations
and to text-based chat. Although we primarily focus on synchronous
conversations, the method applies also to asynchronous interactions such as
these occurring in social media and via email.

The method can be thought of as a hierarchical classifier, where the
bottom layers extract basic linguistic indicators from the participants’
utterances, such as topics mentioned, vocabulary used, dialogue acts (such
as statements, questions, disagreements, etc.), as well as the number of
turns per participant and at to whom they are directed. These indicators
are subsequently aggregated across longer spans of conversation to reveal
topic chains, who initiated them, how long they persist, and who contributes
to them. Also revealed are attention and information flow between the
participants, including ratios of agreements and disagreements, acceptances
and rejections, support and resistance, all of which can range from overt and
direct to subtle and indirect.

The aggregated linguistic indicators give raise, in turn, to sociolinguistic
behaviors, such as topic control, involvement, network centrality, among
others. For example, the rate of topic introduction by a participant, combined
with the rate of uptake of these topics by other participants provide a strong
basis for estimating the degree of topic control in the conversation. In general,
the participants who introduce more topics into the conversation and whose
topics are more likely taken up by others have a greater degree of topic
control, and consequently more influence in the interaction. This is because
topic control is a sociolinguistic behavior that has been shown to correlate
with the amount of influence one has in a group. Other sociolinguistic
behaviors can be computed in a similar manner, and then combined to
establish social roles for individual participants: influence, leadership, power,
etc. The overall model is shown in Figure 1. Further details can be found in
(Strzalkowski et al., 2012; 2013).
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Figure 1: The hierarchical model of sociolinguistic phenomena in group interactions
(adapted from Strzalkowski et al., 2012).
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COLLECTIVE BEHAVIORS

We focus on computing collective social behaviors, that is, the behaviors
that can only be attributed to a group of participants in a conversation,
and that require coordinated (though not necessarily pre-planned) activity
of all members. A collective behavior can be attributed to an entire group
or a subgroup, and it arises as a sum of activities by its members. Group
cohesion is a collective phenomenon, which we define as a general consistency
in group objectives or values over time and persistence in the cooperative
nature of the members’ interactions. In other words, a cohesive group could
be formed around shared values or a joint task. In this paper we are primarily
focusing on task-oriented groups. In particular, we are interested in finding a
correlation between (a degree of) group cohesion and the task performance.
Thus, the first step is to design a classifier that can decide if a group is
cohesive (and, later, to what degree) given a sufficient sample (or samples) of
interactions between its members. The groups we investigated in our study
ranged from 3 to 8 participants (Shaikh et al., 2010).

ELEMENTS OF GROUP COHESION

Following the design in Broadwell et al. (2013), we identify a set of
sociolinguistic behaviors that impact group cohesion (Broadwell et al., 2012).
As may be expected these are collective behaviors that arise from certain
combinations of individual behaviors. The following collective behaviors
have been identified as key elements required to operationalize the concept
of group cohesion.

Task Focus. One factor of group cohesion is a degree of task focus among
the group members. Task focus is a collective sociolinguistic behavior that is
measured by the degree to which the group discussion is focused on a shared
objective, as well as by the efficiency with which the group works towards
this objective. The presence of a shared objective is evidenced by the largely
single-threaded structure of the most persistent topics in the conversation
(which we call the meso-topics), reflecting participants’ efforts to keep the
discourse progressing towards the objective. The efficiency of this progress
is indicated by the degree to which the discourse stays on topic with few
off-topic digressions. Our hypothesis is that a higher degree of task focus
indicates a more cohesive group.

Persistence of Discourse Roles. Another factor of group cohesion is a
degree to which the participants engage in certain discourse roles and
activities (Bales, 2010). While these roles are expected to persist throughout
the discourse, they may not be continuously filled by the same individuals.
In this study, we equate discourse roles with high degrees of certain
individual behaviors by the group members, e.g., high degree of topic control
(= influential); high degree of task control (= leading); high degree of
disagreement (= power); etc. The “high degree” of a behavior by a speaker
is understood here as significantly greater than the next ranked speaker, e.g.,
20% or more. If the next speaker is closer than 20%, then he/she is also
assigned this role, and so on. The degree of this collective behavior in the
group is the average ratio of speakers with assigned roles across the entire
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length of the conversation. Our hypothesis is that a group with a greater
PDR value is more cohesive.

Participation. The basic premise of group cohesion is the existence of
relationships between the members, i.e., that they do not form an accidental
gathering. These relationships are reflected in the amount of interaction
among the members, which may be estimated through the combined degree
of their individual behaviors such as involvement, agreement, network
centrality, etc., that may not rise to level of discourse roles (as defined
above) but nonetheless, contribute to the communicative density between
the members. A member’s degree of participation in the group is determined
by the sum of individual behaviors calculated for this member. The group is
more cohesive if the mean degree of participation for its members is higher.

Sociability. A cohesive group may be characterized by a high degree
of sociability. This includes adherence to general conversational principles,
which are reflected by certain sequences of dialogue acts, i.e., question-
answer, offer-response, as well as sequences of expressions classified as
conversational norms, including greetings, thanks and apologies. For
example, when requests for information are (nearly) always answered;
directives issued by a speaker are (nearly) always responded to (whether they
are followed or not), the degree of sociability between the speakers is high.
In addition, high densities of communication links between the participants
manifested by either directly addressed utterances or by utterances citing
each other topics, indicates greater sociability within the group. When the
distribution of these communication links is more balanced between all
speakers, the group sociability is greater. Our hypothesis is that groups with
a higher value of the sociability measure are more cohesive.

The above design is depicted schematically in Figure 2. Each of the
component behaviors is computed on a continuous [0, 1] scale that indicates
the degree of each behavior in the group. These scores are then combined
(currently using a weighted linear function) to obtain a degree of group
cohesion. The model can be further calibrated using supervised machine
learning.
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Figure 2: A group cohesion model based on four collective behaviors.

In order to complete the above model, we need to append the linguistic
layer that would allow estimating the component collective behaviors directly
from the participants’ conversations. We explain below how the sociability
collective behavior is computed from linguistic indicators collected from
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the group conversation. Other collective behaviors can be implemented
analogously. Sociability is based on the following conversational indicators:

Conversational Norms (observation of): a degree to which the participants
adhere to conversational principles such as pairing of questions with answers,
offers with responses, etc. It is computed by counting the number of paired
vs. unpaired dialogue acts.

Agreement Disagreement (balance of): a degree to which the levels of
agreement and disagreement among participants are balanced.

Network Density: the average density of communicative links and topic
citations between speakers. We count all direct person-person references and
citations of the topics raised by others.

Cite Disparity: an average imbalance of citation links between the
speakers.

As may be expected, higher values of the first three measures contribute to
the higher degree of sociability, while the high degree of cite disparity would
lower it. The four factors are linearly combined with weights calibrated
through a machine learning process. Figure 3 shows the corresponding part
of the model.
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Figure 3: The sociability model based on linguistic indicators in conversation.

Discussion and Further Work

The sociolinguistic model (Fig. 1) has been evaluated for selected aspects,
including the majority of individual sociolinguistic behaviors and the roles
such as leadership, influence, and power. Details are reported elsewhere
(Strzalkowski et al., 2012; 2013; Shaikh et al., 2021, also Katsios et al.,
2019). We note here that the model performance has been very good, ranging
from 73% to 91% of accuracy for the tested phenomena across multiple
communication modes and in two languages (English and Mandarin). Group
cohesion was not yet properly evaluated, except for relatively small-scale
binary classification (cohesive/not cohesive) which produced 100% accuracy.
The main impediment to obtaining reliable test results is the lack of properly
annotated ground truth data, and an excessive cost of acquiring such data.
Instead, we propose to use a more readily accessible metric, the degree of task
completion by a team, as a proxy. Social science literature (e.g., Kozlowski
et al.,, 2006; Oliveira et al., 2014) suggest a correlation between group
cohesion measures and task completion success, and we would like to see if
our group cohesion model can correctly predict group task success. Moreover,
if a low degree of group cohesion reduces the likelihood of task success, could
a timely intervention “fix” the group dynamics to improve the chances of task
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success? What’s more, could such interventions be executed by strategically
placed autonomous Al conversational agents? We are currently working
towards finding answers to these and related questions.
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